Main results
Two MPAC trials were identified. One trial compared clioquinol (PBT1) with placebo in 36 patients and 32 had sufficient data for per protocol analysis. There was no statistically significant difference in cognition (as measured on the Alzheimer's Disease Assessment Scale -Cognition (ADAS-Cog)) between the active treatment and placebo groups at 36 weeks. The difference in mean change from baseline ADAS-Cog score in the clioquinol arm compared with the placebo arm at weeks 24 and 36 was a difference of 7.37 (95% confidence interval (CI) 1.51 to 13.24) and 6.36 (95% CI -0.50 to 13.23), respectively.There was no significant impact on noncognitive symptoms or clinical global impression. One participant in the active treatment group developed neurological symptoms (impaired visual acuity and colour vision) which resolved on cessation of treatment and were possibly attributable to the drug.
In the second trial a successor compound, PBT2, was compared with placebo in 78 participants with mild Alzheimer's dementia; all were included in the intention-to-treat analysis. There was no significant difference in the Neuropsychological Test Battery (NTB) composite or memory between placebo and PBT2 in the least squares mean change from baseline at week 12. However, two executive function component tests of the NTB showed significant improvement over placebo in the PBT2 250 mg group from baseline to week 12: category fluency test (2.8 words, 95% CI 0.1 to 5.4; P = 0.041) and trail making part B (-48.0 s, 95% CI -83.0 to -13.0; P = 0.009). In the executive factor Z score, the difference in least squares mean change from baseline at week 12 for PBT2 250 mg compared with placebo was 0·27 (0·01 to 0·53; p=0·042).There was no significant effect on cognition on Mini-Mental State Examination (MMSE) or ADAS-Cog scales. PBT2 had a favourable safety profile.
Authors' conclusions
There is an absence of evidence as to whether clioquinol (PBT1) has any positive clinical benefit for patients with AD, or whether the drug is safe. We have some concerns about the quality of the study methodology; there was an imbalance in treatment and control groups after randomisation (participants in the active treatment group had a higher mean pre-morbid IQ) and the secondary analyses of results stratified by baseline dementia severity. The planned phase III trial of PBT1 has been abandoned and this compound has been withdrawn from development. The second trial of PBT2 was more rigorously conducted and showed that after 12 weeks this compound appeared to be safe and well tolerated in people with mild Alzheimer's dementia. Larger trials are now required to demonstrate cognitive efficacy.
P L A I N L A N G U A G E S U M M A R Y

There is no evidence that MPACs (PBT1 or PBT2) are of benefit in Alzheimer's dementia
The protein amyloid-β (Aß) is strongly implicated in the development of Alzheimer's dementia, where it aggregates in clumps causing damage and death of brain cells. This clumping is encouraged by copper and zinc (metal ions) in the brain. Metal protein attenuating compounds (MPACS) bind strongly to copper and zinc (this is known as chelation), both preventing the clumping together of Aß and promoting processes which may cause it to dissolve and so be cleared from brain cells. Therefore MPACS may be a potential therapy for Alzheimer's dementia. Two different types of MPAC have been used in clinical trials and the drugs are known as PBT1 and PBT2. The trial of PBT1 compared with placebo (in 36 patients) showed no statistically significant difference in cognition or memory between the active treatment and placebo groups at 36 weeks. We therefore conclude that there is no current evidence that treatment with clioquinol (PBT1) has any significant effect on cognition and in particular memory (as measured by the ADAS-Cog scale) in patients with Alzheimer's dementia. This drug has now been withdrawn from development. The trial of PBT2 showed it was safe after 12 weeks of treatment but demonstrated no overall significant effect on cognition or memory.
B A C K G R O U N D
Alzheimer's dementia (AD) is a progressive brain disease characterised by impairment of memory and multiple cognitive domains (including language, praxis and executive functions). The prevalence of AD increases with age, affecting 4.3% of those aged 75 to 79 years and rising to 28.5% of those over 90 years (Brookmeyer 1998 ). The characteristic neuropathological features are extracellular senile plaques (comprised of insoluble aggregated amyloid fibrils), intracellular neurofibrillary tangles, frequent granulovacuolar degeneration and loss of cortical neurons. These individual components all occur to some extent in normal ageing. However, the key distinction is that changes in AD are more numerous and more widely distributed.
The amyloid hypothesis suggests that intracellular soluble oligomers of beta-amyloid (Aß) trigger a cascade of events leading to oxidative stress and adverse metabolic conditions within neurones (Wirths 2004). The deposition of Aß plaques in the neocortex occurs after this and is a key pathological finding in AD. Metals (copper, iron and zinc) are concentrated in and around amyloid plaques in AD brains (Atwood 2002). There is evidence that these metals interact with Aß, catalysing the production of hydrogen peroxide. This contributes to oxidative stress, generating Aß fibrils that have a high tendency to aggregate, are toxic and are resistant to clearance (Bush 1994; Bush 2003).
Metal protein attenuating compounds (MPACs) differ from traditional chelators. They have only moderate affinity for metal ions and are capable of crossing the blood-brain barrier. Rather than systemic binding and removal of metals from tissues, they correct abnormal metal interactions and have subtle effects on metal homeostasis, inhibiting Zn 2+ and Cu 2+ induced oligermisation of Aß. This promotes the solubilisation (and clearance) of Aß and inhibits redox reactions that generate neurotoxic hydrogen peroxide. Consequently MPACs might provide a viable therapeutic strategy for slowing or preventing the progression of Alzheimer's dementia (Bush 2003).
Clioquinol (5-chloro-7-iodo-8-hydroxyquinolinol) (PBT1) is an MPAC. It is an anti-bacterial and anti-fungal agent. Topical clioquinol preparations are still prescribed to treat skin infections. Clioquinol was extensively used in the past as an anti-infective, especially for diarrhoea. It was withdrawn from oral use in 1970 after being associated with a Japanese epidemic of neurotoxicity, subacute myelo-optic neuropathy (SMON) (Cherny 2001; Yassin 2000) . This syndrome is characterised by subacute visual changes (optic neuritis) and upper and lower motor neurone lower limb signs. The physical signs of SMON are similar to those of subacute combined degeneration of the cord secondary to vitamin B12 deficiency. It has been suggested that the Japanese population was endemically deficient in vitamin B12, as a consequence of their diet following the Second World War, and that this predisposed them to SMON (Cherny 2001). Therefore, in people treated with clioquinol SMON might be avoided by giving vitamin B12.
Clioquinol is hydrophobic and crosses the blood-brain barrier. It binds to the Aß metal-ion complex and may act by disaggregating collections of Aß and copper, in effect 'dissolving' accumulations of Aß (Bush 2003) . One pilot phase II study reported no significant effect of clioquinol versus placebo on the rate of cognitive decline in a cohort of patients with AD (Ritchie 2003). Furthermore, the planned phase III trial of clioquinol (PBT1) was abandoned and this compound has been withdrawn from development (Prana 2005).
A further compound, PBT2, has been tested in a phase IIa randomised, double-blind, placebo-controlled trial (Lannfelt 2008 ). This MPAC is a second generation 8-OH quinoline, which in animal models was found to target Aß oligomers (Adlard 2008).
O B J E C T I V E S
Primary objective
To evaluate the efficacy of MPACs for the treatment of cognitive impairment due to Alzheimer's dementia (AD).
Secondary objectives
To review the quality and quantity of research evidence available for the treatment of AD with MPACs. To assess any adverse effects and the safety and tolerability of MPACs.
M E T H O D S
Criteria for considering studies for this review
Types of studies
For the analysis of treatment effects, all human, unconfounded, randomised double-blind trials in which treatment with an MPAC was administered to participants with Alzheimer's dementia (AD) in a parallel group comparison with placebo were included. 
Types of participants
Types of interventions
This review considered studies comparing treatment with an MPAC, or preparations in which an MPAC was the principle component, by any route of administration, at any dose and for any duration with a placebo.
Types of outcome measures
Primary outcomes
• To view a list of all sources searched for ALOIS see About ALOIS on the ALOIS website. Details of the search strategies used for the retrieval of reports of trials from the healthcare databases, CENTRAL and conference proceedings can be viewed in the 'methods used in reviews' section within the editorial information about the Dementia and Cognitive Improvement Group. Additional searches were performed in many of the sources listed above to ensure that the search for the review was as up-to-date and as comprehensive as possible. The search strategies used can be seen in Appendix 1. The latest search (July 2010) retrieved a total of 79 results. After a first assessment and de-duplication of these results the authors were left with seven references to further assess. Of these, three were discussion or comment articles. Two articles were eligible for inclusion in this review ( 
Data collection and analysis
Selection of studies
Two review authors (RM, ES) independently examined references retrieved by the search strategy in order to discard those which were clearly not eligible for the review. The full text of remaining references was retrieved and the inclusion criteria were applied to these independently by the two review authors.
Quality assessment
Review authors (RM, LJ, ELS) independently assessed the quality of the trials according to criteria described in the Cochrane Collaboration Handbook (Alderson 2004).
Data extraction
We extracted data from published reports on to a standard form (Cochrane Dementia and Cognitive Improvement Group template). For each outcome with continuous data, the summary statistics required for each trial were the mean change from the baseline, the standard error of the mean change, and the number of patients for each treatment group at each assessment. The baseline assessment was defined as the latest available assessment prior to randomisation, no longer than two months prior. Where changes from baseline were not reported, the mean, standard deviation and the number of patients for each treatment group at each time point were extracted, where available. For binary data the numbers in each treatment group and the numbers experiencing the outcome of interest were sought. For each outcome measure, data were sought on every patient randomised. To allow an intention-to-treat analysis, the data were sought irrespective of compliance, whether or not the patient was subsequently deemed ineligible or otherwise excluded from treatment or follow-up. If intention-to-treat data were not available in the publications, the data of those who completed the trial or who were treated throughout according to the protocol ('per protocol') were sought and indicated as such.
Data analysis
The outcomes measured in clinical trials of dementia and cognitive impairment often arise from ordinal rating scales. Where the rating scales used in the trials had a reasonably large number of categories (more than 10) the data were treated as continuous outcomes arising from a normal distribution. Summary 'change from baseline' statistics (n, mean and standard deviation) were sought for each rating scale at each assessment time, for each treatment group, and in each trial. When change from baseline results were not reported, we calculated the required summary statistics from the group means and standard deviations at baseline and assessment time. In such cases, we assumed a zero correlation between the measurements at baseline and assessment time. This conservative method overestimates the standard deviation of the change from baseline but is preferable in a meta-analysis. For continuous outcomes, overall estimates of the treatment differences between the intervention and placebo would have been calculated as the weighted average of the individual study estimates if there had been more than one study. For binary outcomes, such as clinical improvement or no clinical improvement, we used the odds ratio to measure treatment effect. If there had been more than one study, we would have calculated a weighted estimate of the typical treatment effect across trials. Overall estimates of the treatment difference were presented.
R E S U L T S Description of studies
Two trials were included, Ritchie 2003 compared clioquinol (PBT1) with placebo and Lannfelt 2008 compared PBT2 to placebo. In the first randomised double-blind, placebo-controlled trial ( Ritchie 2003), clioquinol (PBT1) was started at a dose of 125 mg twice a day for the first 12 weeks, increased to 250 mg twice daily from weeks 13 to 24, and 375 mg twice daily from weeks 25 to 36. The total duration of randomised treatment was 36 weeks.
A total of 36 people were recruited who met the protocol criteria of having a diagnosis of probable AD using NINCDS-ADRDA, an ADAS-Cog score of 20 to 45, an MMSE score of between 10 and 24 and having been on donepezil 5 to 10 mg for over six months. The mean age of participants was 73 years. In the clioquinol group 50% were male compared with 56% in the placebo group. The mean baseline ADAS-Cog scores were 25.56 and 27.06 in the clioquinol and placebo groups, respectively. The clioquinol and placebo groups did not differ across most demographic, biological and clinical variables at baseline, however the treatment arm had a higher mean pre-morbid IQ than the placebo group as estimated using the National Adult Reading Test (111.4 versus 104.9; t 30df = 2.27; P = 0.03) and a lower level of thyrotropin (1.14 versus 2.00 mIU/L; t 30df = 4.40; P < 0.001). For other details of the trial, see the 'Characteristics of included studies' table. Additional data were collected on plasma zinc, copper and Aß levels at four-weekly intervals throughout the study. Further studies of clioquinol (PBT1) were abandoned in favour of a successor compound, PBT2 (Prana 2005). In the second randomised double-blind, placebo-controlled trial included in this review (Lannfelt 2008), a total of 78 participants were randomised after meeting the entry criteria: an ADAS-Cog score of 10 to 25 and a MMSE score of between 20 and 26 (both scores must have been consistent with early AD), were taking a stable dose of acetylcholinesterase inhibitor for at least four months, and met the NINCDS-ADRDA criteria for Alzheimer's dementia. Patients were assigned to receive PBT2 (50 mg or 250 mg) or placebo once per day for 12 weeks. The three groups did not differ in terms of demographic characteristics at baseline. The mean age of the study population was 72 years and the baseline ADAS-cog scores were 18.9 in the placebo group and PBT2 50 mg group and 18.7 in the group who received 250 mg of PBT2. For further details see the table 'Characteristics of included studies'. The principle outcomes were safety and tolerability; the secondary outcomes were cognition and effects on cerebrospinal fluid (CSF) and plasma biomarkers.
Scales
Alzheimer's Disease Assessment Scale-cognitive section (ADAS-Cog) (Rosen 1984)
ADAS was designed to measure the severity of the most important symptoms of AD. Its subscale ADAS-Cog is a standard measure to assess change in cognitive function in clinical trials. It consists of 11 tasks measuring the disturbances of memory, language, praxis, attention and other cognitive abilities, which are often referred to as the core symptoms of AD. It is a 70-point scale and patients are given a score on 11 sub-items ranging from 0 to 5, with higher scores suggesting greater impairment.
Alzheimer's Disease Assessment Scale-non cognitive section (ADAS-NC) (Rosen 1984)
ADAS was designed to measure the severity of the most important symptoms of AD. This subscale, ADAS-NC, was designed to assess the non-cognitive behavioral dysfunctions characteristic of persons with Alzheimer's dementia. It consists of 10 items and examines moods and behaviours including delusions, hallucinations, changes in appetite and motor behaviours. Scores on each subitem range from 0 to 5, total scores may range from 0 to 50, and higher scores suggest greater behavioural or mood disturbances.
Clinician's Interview-Based Impression of Change+ (CIBIC+) (Knopman 1994)
This is a semi-structured interview performed with the caregiver. It consists of a 7-point Likert scale that assesses change from baseline in terms of the clinician's rating of global function. The scale ranges from 1 ('very much improved') to 7 ('very much worse'), with 4 indicating no change since baseline.
The Neuropsychological Test Battery (NTB) (Harrison 2007)
The NTB gives nine outcome measures, four of memory: 
Mini-mental State Examination (MMSE) (Folstein 1975)
The MMSE evaluates cognition in five areas: orientation, immediate recall, attention and calculation, delayed recall, and language. The scores range from 0 (severe impairment) to 30 (normal).
Risk of bias in included studies
The study of Ritchie 2003 was a double-blind, placebo-controlled, parallel-group randomised design. The statistical analysis was undertaken by independent contractors. The study was reported as a phase 2 pilot clinical trial and there were a number of methodological limitations which must be considered. The report did not detail the measures taken to implement and protect double-blinding or contain information regarding the method of randomisation or concealment of the treatment allocation (this may have been due to lack of space in the published report). Twenty-nine patients failed the screening; five due to their cognition being too poor, 15 because their cognition was too good, five due to ill health: and four failed the neurological screen. In total, five participants were withdrawn after randomisation, two from the placebo group and three from the active treatment arm. The reasons for withdrawal are described briefly in the study flowchart. The treatment arm had higher mean pre-morbid IQ than the placebo group and a lower level of thyrotropin suggesting an imbalance post-randomisation. In addition to the stated primary efficacy measure (ADAS-Cog), data were collected on plasma zinc, copper and Aß levels at fourweekly intervals. The discussion and title of the study, however, suggested that the main aim of the study was 'proof of concept' that clioquinol targets Aß metabolism. Despite this, the study was only powered to detect "conspicuous effects" on cognition, thus the interpretation of the results of additional analyses on the effect of clioquinol on plasma zinc, copper and Aß levels should be interpreted with caution. No details of the power calculation were given. As well as analysing the difference in change from baseline between treatment arms, a secondary analysis was performed and the groups stratified by severity. The report explained that this was a 'planned' analysis although this was not stated as being a primary aim of the study. The stratification resulted in small numbers of participants in each group for subsequent analyses (less severely affected group: placebo n = 7, active treatment n = 8; more severely affected group: placebo n = 9, active treatment = 8). The study of Lannfelt 2008 was also a double-blind, placebo-controlled, parallel-group randomised design. The statistical analysis was conducted by the study team. Eighty-eight potential study participants were assessed for eligibility and 78 were recruited as they met baseline criteria. Safety measures, plasma biomarkers and cognition on the NTB were assessed at baseline and at weeks 2, 4, 8, and 12 with a follow-up at week 14. ADAS-Cog and the MMSE were done at screening and at week 12. Placebo capsules were identical to the PBT2 capsules and the randomisation was conducted by an independent statistician using a computerised random number generator. Patients, carers, study staff and the sponsor were blinded to treatment allocation. Ten individuals failed the initial screening because they did not meet inclusion criteria and a further four participants were withdrawn post-randomisation (one did not meet eligibility criteria, one for taking excluded medication, one due to carer illness, and one due to non-compliance). The authors clearly stated that this was an exploratory study and therefore there was no formal calculation of sample size. Safety and efficacy analyses were done on an intention-to-treat basis. The primary objective was to study safety and tolerability.
There was one included trial (Ritchie 2003) of clioquinol compared with placebo. Thirty-six patients were recruited and 32 had sufficient data for per protocol analysis.
Primary outcome
ADAS-Cog
The primary outcome, ADAS-Cog, was subject to two-way analysis of variance with factors of treatment arm. Both the clioquinol and placebo arms showed a decrease (improvement) in ADAS-Cog scores at weeks 24 and 36, a difference in mean change from baseline of 7.37 (95% confidence interval (CI) 1.51 to 13.24) in the clioquinol arm and 6.36 (95% CI -0.50 to 13.23) in the placebo arm. However, the main effect of the treatment arm was not significant at any time point during the study. The effect of severity of illness was measured by stratification of the sample (using a cutpoint of the median): ADAS-Cog < 25 (less severely affected) and ADAS-cog > 25 (more severely affected). This analysis was not pre-specified in the protocol. Significant differences favouring the clioquinol arm were found only at weeks 4 (F1,28 = 7.73; P = 0.01) and 24 ( F1,28 = 6.63; P = 0.02) on post hoc analysis in the more severely affected patients. Therefore, this may have been a chance finding attributable to multiple comparisons at multiple time points.
Secondary outcomes
MMSE
The authors stated that analysis of MME scores showed a similar pattern to the ADAS-Cog but no further details were given in the paper.
ADAS-Non cog
Analysis of these results showed no statistically significant difference between the two groups.
CIBIC
Analysis of these results showed no statistically significant difference in global function between the two groups.
Plasma biomarkers (Aß42, zinc and copper)
The authors stated that the plasma Aß42 level declined significantly from baseline in the clioquinol group from week 20 onwards (actual figures for plasma Aß42 not given). This was the opposite for the placebo group, which showed a rise in plasma Aß42 level during the same time period. We do not know what the clinical effect of this was. The total plasma zinc level was described as 'increased' in the clioquinol group at 32 weeks compared to placebo. There was no effect on plasma copper levels. Again, as with the changes noted in plasma Aß42 levels, the underlying mechanisms and clinical implications of this are not known.
Safety and tolerability
As there is an association of clioquinol with subacute myelopathic neuropathy (SMON), neurological adverse events were of interest. There were a total of 123 attributable adverse events reported, 64 in the treatment group and 59 in the placebo arm. Serious adverse events occurred in two of 16 patients in the treatment group. A 66 year-old woman with a background history of hypertension, hyperlipidaemia, glaucoma and visual migraine developed impaired visual acuity and colour vision in the absence of other neurological signs or symptoms. She was on a dose of 375 mg of clioquinol twice a day. The symptoms resolved on treatment cessation and were thought to be possibly attributable to the drug. Another patient in the treatment arm reported syncope due to impaired cardiac function. Serious adverse events also occurred in three of the 16 in the placebo arm, one death due to intracranial haemorrhage, three hospitalisations due to hip pain and one due to confusion.
PBT2
There was one included trial (Lannfelt 2008) of PBT2 at doses of 50 mg or 250 mg compared with placebo. Of the 78 patients randomised, all were included in the intention-to-treat analysis.
Primary outcome
Neuropsychological test battery (NTB)
There was no significant difference in the NTB composite, memory or executive scores between placebo and PBT2 in the least squares mean change from baseline at week 12. However, two executive function component tests of the NTB showed significant improvement over placebo in the PBT2 250 mg group from baseline to week 12: category fluency test (2.8 words, 95% CI 0.1 to 5.4; P = 0.041) and trail making part B (-48.0 s, 95% CI -83.0 to -13.0; P = 0.009). It should be noted that subsequently an erratum was published describing an error in the reporting of the composite and executive function z-scores for the NTB (Lannfelt 2008 (erratum)). There remained no significant difference in the NTB composite scores between placebo and PBT2 in the least squares mean change from baseline at week 12. In the executive factor Z score, the difference in least squares mean change from baseline at week 12 for PBT2 50 mg compared with placebo was 0·18 (−0·06 to 0·42; p=0·137) and for PBT2 250 mg compared with placebo was 0·27 (0·01 to 0·53; p=0·042).
A further post hoc analysis of this data (Faux 2010) found that the proportions of patients showing improvement on NTB Composite or Executive Factor z-scores were significantly greater in the PBT2 250 mg group than in the placebo group. There were no correlations between changes in cerebrospinal fluid (CSF) amyloid-ß or tau species and cognitive changes.
MMSE
After 12 weeks there was no significant improvement in MMSE scores in either the PBT 50 mg or 250 mg groups compared to placebo.
ADAS-Cog
After 12 weeks there was no significant improvement in ADASCog scores in either the PBT 50 mg or 250 mg groups compared to placebo.
Secondary outcomes
Safety and tolerability
Forty-two (54%) patients had at least one treatment emergent adverse event (10 (50%) on PBT2 50 mg, 18 (62%) on PBT2 250 mg, and 14 (48%) on placebo). The most common adverse events in the whole study sample were headache, dizziness, somnolence, nasopharyngitis and fatigue. Two patients in the placebo group experienced a serious adverse event (one man had urosepsis and one woman a transient Ischaemic attack). No serious adverse events were reported by patients on PBT2. There were no clinically significant adverse findings on vital signs, biochemical, haematological, urinalysis, neurological, opthalmological, electrocardiograph (ECG) or physical parameters. Plasma biomarkers (Aß42, Aß40, zinc and copper) PBT2 had no significant effect on plasma concentrations of Aß42, Aß40, zinc and copper. CSF biomarkers (Aß42, Aß40, total tau, phosphorylated tau, zinc and copper) Patients treated with PBT2 250 mg had a dose-dependent (P = 0.023) and significant reduction in CSF Aß42 concentration compared with those treated with placebo: the difference in least squares mean change from baseline was -56.0 pg/mL (95% CI -101.5 to -11.0; P = 0.006). PBT2 had no significant effect on CSF Aß40, total tau, phosphorylated tau, zinc or copper.
D I S C U S S I O N
At the beginning of this review we outlined the physiological reasons why MPACs may be useful in the treatment of AD and set out to look for evidence of efficacy to support this. We identified two randomised placebo controlled trials of MPACs. The first (Ritchie 2003) compared the MPAC clioquinol (PBT1) with placebo. There were no significant difference on the primary outcome measure (cognition) between clioquinol and placebo, or on the secondary outcomes of non-cognitive symptoms (ADAS-NC) or clinical global impression (Clinician's Interview-Based Impression of Change (CIBIC)). We have concerns about the quality of the reporting of the study, in particular the lack of information on randomisation and concealment of treatment allocation. The stratification of the analysis by baseline dementia severity only serves to suggest pre-specified analyses in future studies and is not, at this stage, of clinical relevance. The significant differences between some of the baseline variables highlight the importance of adequate sample size and randomisation, and the risks that such differences can undermine or cause real differences in the outcomes of interest. The study was conducted over 36 weeks; this may not be sufficient time to detect clinically meaningful end points, evidence of modification of the disease course or longer-term adverse events.
The phase IIa trial of a second MPAC (Lannfelt 2008), PBT2, was more rigorous with regards to randomisation, allocation and reporting and analysis of results. The primary outcome was safety and tolerability and the results of this were favourable. Cognition was a secondary outcome and PBT2 did not have a statistically significant effect on ADAS-Cog or MMSE scores, although there was a statistically significant improvement in the executive factor Z score in those treated with the higher dose of PBT2 (250mg).
A U T H O R S ' C O N C L U S I O N S
Implications for practice
Clioquinol PBT1 cannot be recommended for clinical use. There is no current evidence for clinical efficacy and the one small study detailed in this review does not include enough participants to draw any conclusions on safety. In a 12 week trial PBT2 appeared to have a favourable safety profile. We do not yet know whether the effects of PBT2 on cognition and biomarkers have clinical significance.
Implications for research
MPACs potentially offer a novel approach to the treatment of Alzheimer's dementia. In vitro and animal studies suggest they promote the solubilisation and clearance of Aß. The clioquinol PBT1 trial did not demonstrate efficacy. However, this phase II trial may have been underpowered to detect an effect on cognition. The results of the phase IIa trial of PBT2 suggest that future, larger phase III trials of longer duration are warranted to demonstrate whether PBT2 has disease modifying effects. In addition to cognition, these should consider other clinically relevant outcomes such as non-cognitive behavioural symptoms and clinical global impression. It is important that concerns about neurological side effects of MPACs are balanced with the need to urgently find therapies for Alzheimer's dementia, a progressive neurodegenerative disease for which currently no disease modifying agents are available. 
C H A R A C T E R I S T I C S O F S T U D I E S
